It is unclear whether alcohol consumption may impact survival after breast cancer diagnosis. To clarify the association between pretreatment alcohol consumption and survival in breast cancer patients, a prospective patient cohort study was conducted.
Results
During a median follow-up period of 8.6 years, 261 all-cause and 193 breast cancer-specific deaths were documented. Survival curves showed that ever-drinkers tended to have better survival than never-drinkers (breast cancer-specific survival, log-rank p = 0.0381). Better survival was also observed for light drinkers with an intake of <5.0 g per day. In the Cox model, ever-drinking was associated with a decreased risk of all-cause (HR: 0.75; 95% CI: 0.54-1.05) and breast cancer-specific death (HR: 0.68; 95% CI: 0.46-0.99). Light drinkers had a lower risk of breast cancer-specific death (frequency of drinking, HR = 0.57 for occasional or 1-2 times per week and 0.72 for 3-7 times per week; amount of alcohol consumed per day, HR = 0.57 for <5.0 g and 0.68 for �5.0 g compared with never-drinking). In terms of PLOS 
Introduction
Epidemiologic studies have shown that alcohol consumption is associated with an increased risk of breast cancer, and it is now regarded as an established risk factor for the disease [1, 2] . Data from some recent Japanese studies have also provided support for this [3, 4] . On the other hand, alcohol consumption may also impact survival after breast cancer diagnosis.
Owing to recent advances in treatment, breast cancer survival rates have been improving [5, 6, 7] . Additionally, breast cancer incidence has been continuously increasing in Japan [8] ; therefore, the population of survivors continues to grow. Whether modifiable lifestyle factors such as alcohol consumption contribute to improved or adverse survival may be a concern for breast cancer patients [9] . However, previous studies have yielded conflicting results: some have shown that alcohol consumption is associated with lower survival [10] [11] [12] , whereas others have reported no such association [13] [14] [15] [16] [17] [18] [19] or even an improved survival effect [20, 21] . With regard to pre-and post-diagnosis alcohol consumption, a meta-analysis including 11 studies showed that pre-diagnosis consumption was associated with better overall survival, whereas post-diagnosis consumption had no association with overall survival [22] . Another meta-analysis including 25 studies concluded that neither pre-nor post-diagnosis alcohol consumption was associated with breast cancer-specific mortality [23] . Pooled analyses including three breast cancer cohorts have evaluated the mortality risk stratified by estrogen receptor (ER) status [22] . In one cohort comprising multiple studies (the BCAC study), improved overall survival associated with pre-diagnosis consumption was found among women with ER+ cancer [22] . Another cohort study (the SEARCH study) showed that post-diagnosis consumption was associated with improved overall and breast cancer-specific survival among women with ERcancer [22] . These studies appear to provide useful information when considering the impact of lifestyle on survival of breast cancer patients; however, there were differences in outcome measures (overall or breast cancer-specific survival, etc.) among the individual studies. Data for alcohol-related mortality risk in relation to hormone receptor status have been limited [13, 21, 22] . Furthermore, most of the previous studies have been conducted in Western countries. To our knowledge, the mortality risk associated with alcohol consumption has never been investigated among Asian breast cancer patients, including those from Japan. Asian women have a low alcohol intake relative to that of women in Western countries [24] . In order to clarify the association between alcohol consumption and survival after breast cancer diagnosis, we conducted a hospital-based prospective patient cohort study. Data on alcohol-related measures and clinical information for breast cancer patients were obtained from a questionnaire survey at their first admission and from a hospital-based cancer registry at a single institute in Japan, and a long-term follow-up survey was conducted. In this study, we evaluated the risk of all-cause and breast cancer-specific death stratified by hormone receptor status as well as the risk among the patients overall.
Methods
This study was approved by the Management Committee of the Miyagi Cancer Center (December 9, 1996) and the Ethics Committee of the Miyagi Cancer Center (Approval Number 23-7, May 20, 2011) and conducted in accordance with the principles specified in the Declaration of Helsinki. The questionnaire survey in connection with the present study was started with the approval of the Management Committee. The Ethics Committee independently reviewed the protocol of the present study that used the questionnaire data and cancer registry data. The purpose of the study was stated on the cover page of the questionnaire. We considered the return of self-administered questionnaires signed by the patients to imply their consent to participate in the study.
Study subjects
Between January 1997 and December 2013, 1,570 first-admitted female patients aged 20 years or over without a history of cancer were diagnosed as having breast cancer at the Miyagi Cancer Center Hospital (MCCH). At the time of admission, these patients were requested to complete a self-administered questionnaire including history of alcohol drinking. After diagnosis, the patients were registered to the hospital-based cancer registry and followed up. Details of the questionnaire survey and cancer registry have already been described elsewhere [25, 26] . Among the patients, 1,488 (94.8%) completed the questionnaire. After excluding 20 patients who had cancers other than breast cancer at the time of breast cancer diagnosis, the remaining 1,468 patients were identified for the patient cohort.
The questionnaire covered demographic characteristics, personal and family histories of cancer and other diseases, current height and weight, general lifestyle factors including alcohol intake, dietary history, cigarette smoking, physical activity, and menstrual and reproductive histories, and referral status. We obtained data on alcohol consumption and other lifestyle factors from this questionnaire. Dietary history and alcohol intake were evaluated using a food frequency questionnaire (FFQ). The FFQ has been validated in general population, whose residential area was roughly the same as that of our study subjects [27] .
Clinical information including tumor stage based on the UICC TNM classification, and initial adjuvant treatment was obtained from the MCCH cancer registry. Information on estrogen/progesterone receptor (ER/PR) expression were extracted from medical records.
Assessment of exposure and follow up
At the MCCH, in principle, detailed diagnostic tests and initial therapy are initiated after admission. Therefore, exposure data (alcohol consumption) collected by the questionnaire survey were considered to be pretreatment or pre-diagnosis data.
For assessment of alcohol intake, the FFQ asked initially if the study subjects were never, past, or current drinkers. Past or current drinkers were asked to state age at start of drinking, frequency of drinking per week, and the types of alcohol beverages consumed [Japanese sake, Japanese spirits (shochu), beer, whisky, wine and others]. For each type of alcohol beverage consumed, they were also asked to state the volume drunk after conversion into the Japanese sake equivalent by reference to a conversion table (S1 and S2 Files). One unit (180 ml) of Japanese sake contains 22.8 g of ethanol (alcohol). The amount of alcohol consumed per day was calculated as: (total amount of alcohol consumed per occasion (g)) x (frequency of drinking per week) / 7 [27] .
The exposure variables related to alcohol consumption included history of alcohol drinking (never, ever, past, current), frequency of drinking per week (never, occasional or 1-2 times, 3-7 times), age at start of drinking (never, �20 years, �21 years), and amount of alcohol consumed per day (never, <5.0 g, �5.0 g). Although, in our previous case-control and cohort studies of breast cancer, the quantitative exposure variable had been classified based on finer categories [28, 29] , the present study used the mid-point for variable categorization because of the limited number of patients. If necessary, analysis based on the finer categories was also performed. Patients for whom data on history of alcohol drinking were missing (n = 48) were excluded from the subsequent analysis, leaving a total of 1420 patients as the analyzed subjects.
Follow-up of patients was performed by reference to the MCCH cancer registry up to December 2016. The registry conducted active follow-up by accessing hospital visit records, resident registration cards and permanent domicile data. For deceased patients, information on the date and cause of death was obtained with permission from the Ministry of Justice. As a general rule for this registry, each individual follow-up ends in the 11th year after diagnosis [30] . Therefore, information on vital status at 11 years was available for the patients diagnosed during 1997-2005. For the patients diagnosed after 2006, vital status as of December 2016 was obtained. During the follow-up period, 3 patients (0.2%) were lost to follow-up, and these were treated as censored cases.
Statistical analysis
The end point of our analysis was all-cause death and breast cancer-specific death according to the International Classification of Disease for Oncology, Tenth Edition (ICD-10). Survival time was calculated for each patient from the date of diagnosis to the date of death or the end of follow-up.
To investigate the risk of all-cause and breast cancer-specific death, Kaplan-Meier survival analysis and Cox proportional hazards model were used. The crude associations of exposures with survival were evaluated by Kaplan-Meier analysis. The Cox proportional hazards model was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) controlled by confounders. We considered the following variables to be potential confounders: age, year of diagnosis, tumor stage (0-I, II, III, IV), hormone receptor status (ER+ or PR+, ER-/PR-), menopausal status (premenopausal, postmenopausal, missing), radiation therapy (no, yes), chemotherapy (no, yes), endocrine therapy (no, yes), family history of breast cancer in father, mother, brother or sister (no, yes), body mass index (BMI) (<21.1, 21.1-<23.3, 23.3-<26.0, �26.0, missing), physical activity (almost no, more than one hour per week, missing), occupation (housewife, other), referral status (from screening, other), and comorbidities (no, yes). Comorbidities included hypertension, ischemic heart disease, stroke and diabetes mellitus. Reproductive factors including menarche and parity, history of smoking and folate intake were also considered as confounders. Our previous studies had revealed associations of reproductive factors, BMI and smoking with patient survival [25, 26, 30] . Folate intake may modify the association of alcohol intake with the development of breast cancer [28, 31] . Missing values for confounders were treated as an additional variable category and included in the model.
For analysis using the Cox model, we first evaluated HRs according to exposure among the patients overall. Second, separate analyses were conducted by dividing the patients according to hormone receptor status. Third, some stratified analyses were performed to examine whether the association of alcohol intake with survival differed in relation to selected factors including menopausal status, BMI, and folate intake. Results were regarded as significant if the two-sided P values were <0.05. For each analysis, the proportional hazards assumption was assessed based on log-log plots of survival and testing time dependent cross-product terms of the survival time and exposures. The cross-product terms were not significant in any of the models, indicating no significant violation of the assumptions. Statistical analyses were performed using the SAS software package (version 9.4; SAS Institute) and JMP software (pro 14, SAS Institute).
Results
During a median follow-up period of 8.6 years (11,180.9 person-years), 261 all-cause and 193 breast cancer-specific deaths were observed. Table 1 shows the characteristics of the patients at the baseline. Among 1420 study subjects, 405 (28.5%) were ever-drinkers. Current drinkers tended to be ever-smokers, younger and premenopausal, to have a lower BMI, and to have fewer comorbidities than never-drinkers. With regard to hormone receptor status, more than 60% of current drinkers had ER+/PR+ cancer. Among past-and current drinkers, none died of vascular diseases. Fig 1 shows the Kaplan-Meier curves for breast cancer-specific survival among the patients overall. The analysis was performed for two selected alcohol-related measures (history of alcohol drinking and amount of alcohol consumed per day). The amount of alcohol consumed per day is considered an indicator of alcohol consumption level for each subject. Ever-drinkers tended to have better survival than never-drinkers (log-rank p = 0.0381). The highest survival was seen in light drinkers (<5.0 g/day), with heavier drinkers having survival intermediate between light drinkers and non-drinkers. Fig 2 shows the survival curves according to hormone receptor status. Although the association of history of alcohol drinking with survival was uncertain among patients with ER+ or PR+ cancer, ever-drinkers with ER-/PR-cancer tended to have better survival (log-rank p = 0.0522). As a whole, the Kaplan-Meier curves indicated better survival among ever-drinkers. However, most of log-rank test showed mild-or non-significance possibly due to the small number of events (Fig 1 and Fig 2) . The association between alcohol consumption and the risk of breast cancer-specific death may be unclear in the standard Kaplan-Meier analysis [32] . Therefore, to further investigate this association, we attempted a bootstrap approach [32] [33] [34] . For example, the number of times with p<0.05 in 100 bootstrap random samples was 63 for the p-value (ever-vs. never-drinking) in Fig 1. The variability in survival curves exists according to history of drinking and consequently, the logrank p may not have been fully validated. These results based on the bootstrap approach may indicate that statistical biases such as confounders should be appropriately controlled for in the subsequent analyses using the Cox model [33] . Table 2 shows the association of alcohol consumption with the risk of all-cause and breast cancer-specific death among the patients overall based on the Cox models. In the analysis based on quantitative variables, we estimated the risk using finer categorization, as well as by mid-point categorization. In the multivariate-adjusted 1 model, only clinical factors were controlled for. Other confounders were considered in the multivariate-adjusted 2 model. Although the additional adjustment for other confounders changed the magnitude of risk slightly, the direction in risk was similar between the two models. The analyses on history of drinking and other alcohol-related measures indicated that alcohol consumption was inversely associated with the risk of all-cause and breast cancer-specific death. These inverse associations were clearer for the risk of breast cancer-specific death. Ever-drinkers had a significantly lower risk of breast cancer-specific death compared with never-drinkers (HR = 0.68, 95% CI: 0.46-0.99 in multivariate-adjusted 2, p = 0.047). On the basis of quantitative variables, light drinkers tended to have a lower risk of breast cancer-specific death (occasional intake or 1-2 times per week; HR = 0.57, p = 0.048; amount of alcohol consumed per day<5.0 g; HR = 0.57, p = 0.050). The analysis based on finer categorization showed that heavy drinkers (5-7 times per week) tended to have a higher risk of all-cause death (HR = 1.04) than light-to-moderate drinkers (1-2 times, HR = 0.55; 3-4 times, HR = 0.52), suggesting a non-linear association between alcohol consumption and all-cause mortality. Table 3 shows the risk of all-cause and breast cancer-specific death stratified by hormone receptor status (ER+ or PR-, ER-/PR-). Among the patients with ER+ or PR+ cancer, alcohol consumption tended to reduce the risk of all-cause and breast cancer-specific death; however, statistical tests failed to demonstrate significance. On the other hand, ever-drinking was significantly associated with a decreased risk of all-cause and breast cancer-specific death among the patients with ER-/PR-cancer (all-cause death, HR = 0.49, p = 0.03; breast cancerspecific death, HR = 0.41, p = 0.01 in comparison to never-drinking). Kaplan-Meier survival curves also indicated better survival among alcohol drinkers with ER-/PR-cancer, as shown in Fig 2. However, the interaction term for assessing heterogeneity in risk across hormone receptor status was statistically insignificant. Among patients with ER-/PR-cancer, an early start to alcohol drinking tended to be associated with a lower risk of breast cancer-specific death (HR = 0.44 for �20 years, p for trend = 0.04), although the analysis was based on a limited number of patients. Inverse associations were also observed for frequency of drinking (p for trend = 0.04) and the amount of alcohol consumed per day (p for trend = 0.03). Furthermore, we evaluated the mortality risk stratified by ER status (Table 4) , as some previous studies have focused on ER status [13, 21, 22] . This revealed that ever-drinking was significantly associated with a decreased risk of all-cause and breast cancer-specific death among the patients with ERcancer (all-cause death, HR = 0.52, p = 0.04; breast cancer-specific death, HR = 0.43, p = 0.02 in comparison to never-drinking). Table 5 shows the results of analyses stratified by selected factors. Alcohol intake tended to reduce the risk of all-cause and breast cancer-specific death among premenopausal patient (all cause death, HR for ever-drinking = 0.54, p = 0.050; breast cancer-specific death, HR = 0.45, p = 0.02 in comparison to never-drinking). The analysis according to BMI level showed nonsignificant results. With regard to folate intake, a significantly decreased risk of death associated with alcohol consumption was observed in patients with low folate intake (all cause death, HR for ever-drinking = 0.58, p = 0.04; breast cancer-specific death, HR = 0.42, p = 0.01 in comparison to never-drinking)
Discussion
In this hospital-based patient cohort study, we clarified the association between pretreatment alcohol intake and the risk of all-cause and breast cancer-specific death among Japanese women with breast cancer. Ever-drinking tended to be associated with a decreased risk of allcause and breast cancer-specific death. In terms to hormone receptor status, the decreased risk of death appeared to be limited to women with receptor-negative cancer. To our knowledge, our study is the first to have investigated the association of alcohol consumption with breast cancer survival in Asian women, whose alcohol intake is low relative to that of Caucasian women [21, 24] . The proportion of ever-drinkers among our study subjects was, in fact, quite low (28.5%).
Alcohol consumption has been considered an established risk factor for breast cancer. However, it has been unclear whether alcohol intake before breast cancer diagnosis affects the risk of mortality after diagnosis. One meta-analysis found that moderate drinkers had better overall survival, although it was not possible to estimate the combined risk for breast cancerspecific mortality because of the data heterogeneity among individual studies [22] . Another meta-analysis found no association between alcohol drinking and the risk of breast cancer-specific mortality, although analysis based on alcohol consumption level indicated increased mortality among heavy drinkers [23] . In the present study, a decreased risk of breast cancerspecific death was observed among ever-drinkers (HR = 0.68, 95% CI: 0.46-0.99, p = 0.047 in comparison to never-drinkers). The decreased risk was also found for light drinkers who drank occasionally or had <1-2 times per week (HR = 0.57, 95% CI: 0.33-0.99, p = 0.048), or an intake of <5.0 g of alcohol per day (HR = 0.57, 95% CI: 0.32-1.00, p = 0.050). For the risk of all-cause death, a non-linear association with alcohol consumption level was suggested.
Based on these previous studies [13, 14, 16, 17, 20, 21] and ours, pre-diagnosis light to Alcohol consumption and breast cancer survival Alcohol consumption and breast cancer survival Previous studies have demonstrated some health effects of alcohol consumption. Among community-dwelling women, light to moderate alcohol drinking was associated with a decreased risk of all-cause death [35, 36] . It has been suggested that this survival benefit may reflect a lower risk of death from heart disease among alcohol drinkers [35] . The decreased risk of death from cardiovascular disease associated with alcohol drinking has also been suggested in women with breast cancer [13, 14, 17] . None of the alcohol drinkers in the present series died of vascular diseases, as shown in Table 1 , thus supporting the cardioprotective effect of alcohol. Besides, alcohol consumption might be related to psychosocial and physical status among breast cancer patients, thus explaining the improved overall and breast cancer-specific survival. Although excessive alcohol intake may be associated with poor health status [37, 38] , light to moderate drinkers may have better physical and mental health and sociability than non-drinkers [37] [38] [39] [40] [41] . According to our previous population-based cohort study investigating the association of personality with breast cancer risk and survival, none of the personality subscales was associated with breast cancer risk, whereas subsequent follow-up of incident cases of breast cancer demonstrated that a higher score for extraversion, representing sociability and liveliness, tended to be associated with a lower risk of all-cause-death [42] . In that study, breast cancer patients with a higher score for extraversion tended to be ever-drinkers at the baseline [ 42] , suggesting that interrelations between psychological factors and alcohol drinking may have some beneficial effects on survival.
In terms of hormone receptor status, the decreased risk of death associated with ever-drinking was observed among patients with receptor-negative cancer but not among those with receptor-positive cancer (all-cause death among ER-/PR-patients, HR for ever-drinking = 0.49, 95% CI: 0.26-0.94, p = 0.03; breast cancer-specific death among ER-/PR-patients, HR = 0.41, 95% CI: 0.20-0.84, p = 0.01 in comparison to never-drinking). Several previous studies have investigated the risk according to hormone receptor status, but the results have been inconsistent [13, 21, 22] . A decreased risk associated with pre-diagnosis alcohol drinking among patients with ER-cancer has been reported by the Women's Health Initiative group [21] . The SEARCH study has also reported a decreased risk among ER-patients; however, that study evaluated the effects of post-diagnosis drinking [22] . With regard to the association of alcohol intake with survival of receptor-positive cancer, alcohol consumption is associated with increased endogenous estrogen levels, which may affect the disease progression and survival [43, 44] . The analysis in the subsample of our study subjects has also shown that intra-tumoral estradiol level in ever-drinkers with receptor-positive tumor tended to be higher than that in never-drinkers [45] . Furthermore, it is possible that alcohol may attenuate the anti-proliferative effects of endocrine therapeutic agents in women with ER+ cancer [46] . Therefore, alcohol consumption is unlikely to have a favorable effect among women with receptor-positive breast cancer. On the other hand, the mechanism responsible for the improved survival among women with receptor-negative cancer is unclear. One possibility is that the favorable effects of light to moderate alcohol drinking on metabolic and immune function, such as an anti-inflammatory effect, may protect against the development of receptor-negative cancer [47] . Furthermore, although hypothetical, genetic differences between drinkers and nondrinkers may modify the response of receptor-negative patients to chemotherapy. Subset of women who chose not to drink alcohol may be at a disadvantage, in view of their possibly reduced ability to metabolize chemotherapeutic agents and tendency to suffer emesis [20, 48] .
Analyses stratified by other selected factors have found improved survival among premenopausal women who drink alcohol. In some previous studies, heavy drinking was associated with an increased risk of all-cause and breast cancer-specific death among postmenopausal patients [13, 14, 16] . As for premenopausal patients, one study including young patients (age �45 years) demonstrated improved survival associated with pre-diagnosis alcohol consumption [20] . Our present result appears to be comparable with this. In terms to folate intake, a lower risk of death was found among ever-drinkers who had a low folate intake. The modifiable effect of folate on alcohol-related breast cancer risk has been examined in a previous study, which demonstrated that the effect of alcohol intake on breast cancer risk may be reduced if the intake of folate is high [31] . On the other hand, few studies have evaluated the modifiable effect of folate on prognosis [14] . Our present study indicated that low folate intake appeared to have a beneficial effect on alcohol-related breast cancer survival, which was inconsistent with the impact of folate intake on breast cancer risk. Folate may exert either an anti-or pro-carcinogenic effect, depending on alcohol intake level and the timing of disease progression [20, [49] [50] [51] .
The present study had both strengths and limitations. One of the strengths was a high quality of follow-up; only 3 patients (0.2%) were lost to follow-up. The quality of the clinical data was also high. For example, there were very few patients for whom hormone receptor status was unknown (Table 1 ). Another strength was that confounding factors including clinical factors and treatment were appropriately controlled for, and possible prognostic factors (reproductive and lifestyle factors) were also considered. The adjustment for these confounders seems to have improved internal validity of the present study. Among the study limitations, first, the history of alcohol drinking was self-reported. However, since the questionnaire survey was performed at the time of first admission before any definite diagnosis or treatment, any information bias would have been minimal. Second, since Japanese patients had a relatively low alcohol intake, it was not possible to fully investigate the mortality risk for heavy drinking. Third, although our study is one of the largest patient cohort studies of its kind to have been performed in Japan, stratification by hormone receptor status and other selected factors may have produced false positive or false negative results due to the small number of events. Breast cancer has a favorable prognosis, compared with other cancers. The overall survival rate in our study subjects was relatively high, which was similar to those from national reports in Japan [6, 7] . Although further studies including collaborative studies are required to confirm our results, the results provide clues for finding appropriate alcohol consumption levels in women. Finally, the present study did not collect information on changes in alcohol intake subsequent to cancer diagnosis and treatment. Therefore, we were unable to investigate the effect of post-diagnosis alcohol drinking.
In conclusion, the present patient cohort study of Japanese women with breast cancer has shown that pretreatment alcohol consumption was associated with a decreased risk of allcause and breast cancer-specific death. According to alcohol consumption level, the decreased risk of breast cancer-specific death was found for light drinkers. In terms of hormone receptor status, a decreased risk of death associated with ever-drinking was observed among women with receptor-negative cancer but not among those with receptor-positive cancer. These findings suggest that pre-diagnosis alcohol intake is unlikely to have an adverse effect on survival after breast cancer diagnosis. Light alcohol consumption may have a beneficial effect on patient survival. However, alcohol drinking is associated with an increased risk of breast cancer. To improve breast cancer risk and survival, further studies will need to clarify the appropriate levels and timing of alcohol consumption. 
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